= SRR

Symmetry: sym, syn (FfEiE: 3LE, AHIE) +
metron (&)

JU % —MMkaid — Ak
(transformation) , {J5HeHAIPLRIE LR
—FFo
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3.1 = 4E=¥ [0 PR IEAS B

— YRR

EX (D RERD)

REAH A =R EAT
AT = 7' A5 = §
AA (A7 - A5) = (7 - §)

ORAF 1~ % B 1) N ARAEAZ i 1 A AR ANAE

ANH T

Sety SAy

HAT



1F =4 i ik — IR T k
F— 0] =S HOR i 58
F=Tx+]y+kz

o |

P =" +jy +kz',
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ZI

X
P S H % [ ]%@%%% B, AT EIAT = 7
Z

- Ayn A1z Agz\ ¥ x'
—HRIERE, T Ay Agy Ags lylz y'

R T S Azy Aa, Ags) Lz Z



(2) FRIF D]

o SHESSIAIPEST B EIERA LT kL, R IES

KRN, G5 —-AHER T,7 k", HEKHIA
FRFEBMK, e R R

@ 7k)=({7]k)B

T FE T =0
} L L B11 Biz; Bijs
(l’ J' k,) = (l J k) B;1 By, Bjs
B31 B3, Bsj



o FEME—RERIEHTIHA RK RN
F=lx+]y+kz=0Ux"+]y +k'7
x’

i Apl-F 7B
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|
t

BA=1,>B=A"1
MEbR RSN B R B BRAE 53T REAB IR ML B AL bR R IR 1R




WG SRR 1O

e 1, AT\EéZJ—_Elz$3

(#,5) = (#,3") = (A7, AS) = (¥, ATAS)

4 |

(AT - As = rTATAs

X2 X2
[X1 Y1 Z1] lyz =[x1 Y1 Z1]ATA|Y2
Zy Zy

ATA = AAT =1 REEFHNRENRAE I 7 B4



2, FEFEITZ AL IEAT H— R &

ATA = AAT =1
EAT..A. Y l zA--AJr- = 5:
lj “Yk Lk 1j<“1 jk Lk
J J
4 SR (]
ZAji Ajic = O ZA” Aj = B
j j
PR FIEA

S A AL ROy IR AT AR R



« 3, N RERTTHIA detd = +1
AA = AA =1

det( AA) = det( AA) = detAdetA = (detA)? = I,

detA =1, 1EH¥EFR

det4 = —1, EIEHEEh S
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detA =0, [F4E, ngE{ARNO0, “WHW” 1, L.



Cll ClZ 613 All A12 A13 Bll BlZ BlB
621 C22 623 — A21 AZZ A23 BZl BZZ BZS

C31 (32 (33 A3y Azp Aszz/ \B31 B3z Bsg
51 = (C11, C12, C13), 52 = (€21, C22, C23), 53 = (C31, C32, C33),
V; = Cy - (C,%C3) = detC
¥, V, = B, - (ByxB3) = detB

_detC 1,
~ detB 1,

s detd



1F 24 %2 Orthogonal

IE A FEFNFESO(3)
Special: detR = 1 HI¥ 3 R WIEES I ET

Bk: 1, SEE{RYEAH AN

det (RLR]) = detRi detR]- =1,

2, ﬁ?ff@flﬁ, R_l — R-I- — é
detR™! = detR = detR =1,

3, fFEfiot, RTIR=RR 1 =F € {R}
4, FoEFEIFIE LS AT
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+J1R21 +JJRy2 + ] kRy3

+ kiR31 + kJRzy + kkRzs
HRBIIUA 7 E Rl Fe s AR B LA RE T






7' = R¥
R JUART 98 22 SR B 248 B T
U=IA+]u+kv

/1) ,Ll’ V: jﬁ‘ﬁ//‘{%gz

M +u?+vi=1



Au (1l —cos@)+vsing cos@+ u?(1—cosp) pv(l—cosp)—Asing

cosgp +A%2(1 —cosp) Au(l—cosp)—vsing Av(l—cose)+ using
R =
A (1l—cosp)—pusing pv(l—cose)+Asing cose +vi(1— cos@)

detR =1,
M4 5% Sh#l 2 IE 2555 50

A+ u>+vi=1
=M EAMAL, VA, uRRESTIM, @A

172 7 L= S HR R AT — s R ) A
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o« JEIEHE ST HE

AR

EI:UD\

J

S 75 1
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E RS ANRE R B, ESE PN IRFE L
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0O -1 O

(—1 0 0 )
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R A R 0 0 -1
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—NIERHEN 51 8 o RIESAERZ — PN HEIE 453,
— N EIERESI 5] 8 o FIIEZSER 2 — 1 3]

S =1IR =RI

AR IE =5 Bl WA Zh T AN Be sE L -
ENBARRERREMRAREL N, B FRELLETF R
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Sz = —SxXSy
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FORIET ZBATRSF A TR e ) SR 2 158

Sz =SxxSy (L TIZje)



= eSS [a) R ) IEAS B

o« EHBIE B + AR IR S5 )

______ S P EACRE (S A EED « 0(3)

S0(3): —4EeeiLshit
S0(3) & 0(3) WA TRE

[2=E,  C;={E & _MIFIE4%shE

A 0(3) WA T
0 (3) =50 (3) ®(;

Al SO(3) M C; MARTZIRIRTGFEI0(3) BEIA AR



3.2 SEEFHESO0(3) KA AT )RR

© R HSTAT Py
(1) HEREH R (z,0) HMIVHFTP, 0

Z )7 4R 5%
A=u=0v=1

cosd8 —sindf O 060 - 0
R (z,60) =|sind6 cosdéf O —
0 0 1
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00
0

—00
1

0
1



R (z,60)~! = R (z,—66)

1 60 0
R(z,59)_1=<—60 1 0)

0 0 1

P,se¥(r) = Y(RT'T) = P(x + 66,y — x80, z)

0y 0
=vY(x, y, z)+ y59§— X(SHE

= [1 i59 h 0 0
= [ ~7 (—i )(x@—)’a)]lﬂ(x’ Vs Z)

= (1~ + 88,



Reduce to x — y plane,
Change to polar coordinates:

P.so¥ () = Y(R™'T) = P(r,0 — 66)

op(r,60)  (0020%9(r,0)

=¥(r,0) - 66 —25 21 992

- 9
— [1 — = 80(=ih) == (. 0)

— [1 - < sdTJjy(r, 6)
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Pge = PsPzgPg-1
S: z fi¥mw H

Wy Sxx Sxy sz 0
[wy] = Syx Syy SyZ [O]
Szx

Szy Szz/) L1

A
N
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= Wy, Syz= Wy, Szz= Wy

Sqz = Wy X =X,V,Z

HRNDILEA — B ERHE
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= Py(F V) 1 (ST)
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= Pg[STLF XV")|_(S7)

HsTE=T), )

WRIEW: #Hx = 3 Ryx; - WA 57 = Ry
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FxV) = Sy2 Sy Sy || ¢'xV),
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Szx Szy Szzl (T’XV')Z

[s71 =), zsm‘l( XTVq = ) SarFXT)g

a=XxY,7Z Wy l

[STLEXTI], = ) wa F/XT),q
AN (F1)
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— ps(j (F' XV

= Psw - (STXSV)Y (")

Wi Ps 01| = w- (SSTHXSETIVY(S I
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| =
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SRR AN AT 20K R

o ERIEMFEENR (w,0) WA T eSS0 (3)
- TCPRESERE, BRI IR RGN B

(ERE AR @, @0, SATT LI ) 70 2 S

L, B AR TR — D e sl A i — 28

Pg o = PsPgr gPg-1
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(1) HENERIE R ELY™ (0, @) 1E AR 213K 7~ (Y 2 PR 2L
L2Y[(6, ) = L(I + DRV (6, 0)
BE L m=-1-1+1,....,1-1,1

ZNNAZE GE o AR

[, = mnh

m : magnetic guantum number
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[Pggs [21=0

P o LAY (0, @) = I(1 + 1)h2P 4 Y™(6, )

L2P56Y™ (6, 9) = L(1 + 1)AAP5 oY" (6, @)

!

L2Y™(6, @) = (L + DR2Y™(8, 9)




AERBRFEE: 21+ 1

P oY™(6,9) —ZD (@, 0) i Y™ (6,9) (%2
AAE R 26 12N

Lm' =—-[,-1l+1,..., [—1,1

21 + 1N ERERREY™(6, @) TERL TSO(3) #ER—A
21 + 14ER NI AL R 2T

N AR R



FFEAR f& 2R 11 BRI A
o SRR DA [E A IR
FFAE R A 7% A0 1 R 2L
N T
jvined bR N R SIS P A £

R(z,a)(6,9) = (6,90 +a)
R™H(Zz,a)(8,9) = (6,9 — @) |egendre Fi%k
/
Y/™(8, ) = P™(cos B)e'™?

PzaY™(8,9) = Y[™(6, 9 — a) = P["*(cos )e"™#~%)

= Y/(6, @)e~ima tbig (*2)

Dl(Z, a)m”,m - e_imaé‘m,,m




RoNFERE: XA RE

'e—ila 0 ]
e—i(l—l)a 0
0 .

L0 eila_

D'(z,a) =

AL, 7E55 | DR, AN a Z— R ERR A

l

21
Xl(a) — 2 e ima — e—ilaE(eia)n
n=0

m=-1

el@HDa _ 1 _sin(l+1/2)a
el —1  sin(a/2)

—ila

=€
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o DIANE] 1 HIBRIE R 209 2 PRE AN AT 29380,
= S0(3) FEMIET 21+1 4EARR[Z)ER,

THAE R %

HANHE R HH R AR 2R



(2) FBRALA R IR S5 )

 [EE—MRARROxyz, K5 — A AT RR R
, Giz Wi¥a M x', ¥, Z'(2)

, Gy WE B M Xy, 2"

, GiZ Wy M Xy, 2" (2")

R(a,B,v) =R(Z",Y)R(Y', B)R(z, )
\ T






i —HAAL, ANJTE
R(a,B,v) =R(EZ",y)R(Y', B)R(z, a)
! o=n
R(a,B,y) = R(z,@)R(y, B)R(z,Y)

RS

X [ R AR B ) % B

RW,B) =[R(z )] 'R, B)R(z, @)
s ()

R(z,v) = [R(z, )] R, I R(Z",y)R(Y', BR(z,a)

R(z,@)R(y,P)R(z,y) = R(z",y)RW',B)R(z, a)



cosa —sina 0 cosp 0 sinf\ fcosy —siny 0
R(a,B,y) =|sina cosa O 0 1 0 ) siny cosy O)

0 0 1/ \=sinff 0 cosf 0 0 1

sinacosfcosy +cosasiny —sinysinacosf +cosacosy sinasinf

(COS acosf cosy —sinasiny —sinycosacosf —sinacosy COSacos ,B)
—cosysinf sin f siny cos



SO (3) A HEXHL A R IR IE RS A

x(a,B,y) =cosacosfcosy —sinasiny —sinysina cos§ + cosa cosy + cos f8

=cosf+ (1+4+cosf) cos(a+y)



/I C(;,B,)/ / A’ #’ v,

Bﬁﬁﬁﬁ 53R (5} gg) H@;@Fj;é% A +put+v2=1

B e~y
¢ a—+y A_Slnzsm 5
COS— = — —
> COSZCOS > Sin%
. P a—y
SIn5 €S — Cosgsin a+y
H= . P v = 2
Sln7 Sing



. Eﬁkﬁﬁ%%/ﬁii‘é%iﬂ}ﬁ, V3R] CAERVE BRBONF R 2L, A
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RSO3 BEHIE | DAZIRIN,
o

P%o = Priapy) = PraPyplzy

x"y"zP

Yt -

m+n+p=I
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3.3| “YEAML X IERESU(2)

R a b S
- R = [T 0] R
(1) wut=ulu=1, , A
(2) detu=1 = Z I Z ik

%/{L—F (1’ 2) .
a=d,b"=—c,aa”+bb* =1

u=[ 9. 2] =Amusy

] Cayley-Klein parameters:

$,m,¢ (real)

y = [ els cosn els sinn
Xi(ksi), eta, zeta

—e ¥ sinn e~i cos ™M



u= Lcll?* CI;*] aa*+bb* =1

X PR SRR SU(2)

(1) BT ZIEFEAHIRTI N L 1ERE, AT 5 O8I AR A ofe
KR 24T 520N

Q)%ﬁﬁ:E=P q

0 1
(3) Wiyg: 75N 1, JFEFRIERM, Fif
(4) Z5E61: HRERIER 24 E1



SO (n) BE IR 857 HT

* n? real parameters (orthogonal matrix)

n?+n

: n?-n
* only = n(diagonal) A > (of f —

diagonal) independent equations
Above / Below
SO (n) M;; = Z leRk] z RixRjr = Mj; = 51] the diagonal line

provide the
The mdependent reaI parameters same constraint

, n+n n¢—n

" 2 2




SU (m)BEIPRSL 25053 M
* n“complex parameters: 2n? real parameters

(real +imaginary part)
2

 Unitary uu' =uTu =1, : n? equations
2
- independent equations

only

off-dlagonal equations: (n* —n)/2, Z&HM?* —n) X
SEECR B A PR

diagonal equations: each term s&3280, WHEDS, FI

E N En =] X =y E
E%gmﬁﬁéﬁ A L RRE R = IR, ?m

Ji4b, detu =1 Xt u=ue® HARALBINOMI L)

LS e e o Sy E A D ST AN N & Sl b S A Y U (P
SU(n)

FTUAMSL S Z &2 2n® — 2X

n¢-n

—n—1=n*-1
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° ;'\:El)\':?\: E/l\zﬂjjz%é&
(1|  hFERE

(a) H4EIENORI e KFERE, paulifE PRI MEH &
N pauli 55 FF

0 1 0 —i 1 0
o=y 0l” i ] [0 ]
_ [Pa h12] _ ..
h—[h21 h,y = X0y + Y0, + 20, =7-0

|
~
it

zlx-fiy x:iy] h




2 ) = 2 ) z = hy1 = —hy
(b) Fu 5EREXT h XK IEAH#R
h' = uhu—l — [x’ j_’iy, X'_—Zl;}” =7r' .o
a b 1 _[a® —b
U= [—b* a*] » u ' [b* a ]

N A | W |



h=F‘5- l hl=uhu—1

h'=r"-0

r—or r' = R(u)r

—MEFEE h TR LML IEME u, BIFE—] 3X3
PIFERER (W57 (x, vy, 2) R T (x',y', z")

1 —1
E(aZ + a*z _ bZ _ b*z) 7(aZ _ a*z + bZ _ b*z) _(a*b* + ab)

(U) E(az . a*Z . bz + b*Z) E(az 4+ a*Z + b2 4+ b*Z) l(a*b* — ab)

a*b + ab* i(a*b — ab™) aa® — bb*



()| R)HME

(a) Ru)re2LrafE:

Z

ry = z R(u);j 7

(b) R(uw)Z¥sh5EE. J
AR I AN SR R A T 8 2

deth’ = detu - deth - detu~1 = deth
deth = —z% — (x + iy)(x — iy) = —(x? + y? + z?)

deth’ = —(x"? + y'? + z'%) l

x?+vy'?+2%=x%+y?+ 22

R(U): f%fi’gﬁitﬁ%’ A

MR A, BN B R

| wmems



(c) detR(u) =1

R RERAT A N 1E-1, X R TE SR, T
HFE u FIZE (a,b) ELLTAE,

x (1,0) pu=1y,—>detR(ly) =1

TP A R KA H1BI-1BkAE, X T Hra 2= (a,b)
#HdetR (u) =1

R(u) : =4E=IAH 1L %43



(d) Z&fl

cosa
Ri(a) =| sina

0

—sina 0
cosa 0
0 1

) - R(z, a)



BT RPN

cosg —sing
l wB=| 5 g
! 2 2
R, ()
cosf 0 sinf - R(y, )
=(0 1 o)
—sinf 0 cosp



(3)| SUR)YH

L RH RR 7 A R AE Y L

SO0(3) A%

=k

R(a,f,v) = R(z,®)R(y, F)R(z,7)

!

\ b

u(a, B,v) = ug(a) uz(B) uy(y)

_aty _aty
e 2 CoOs—=— -—e 2 SIn—
_ 2 2
&Y (&Y
e 2 SIn— € 2 COS—
i 2 2




SU(2) covers SO(3) twice

C B h AN

h =l u |hul
7 =R 7 ! -
N R (u)
" but S hu —u 7

r' =|R(w)|r 1
2:1 PFEIZS R AR




JUATJER R

° %'ﬁl\?giﬂ a S a+2n

R(z,a) =R(z,a + 2m)

(RN T 4k 2 1 LA PEAS—FF

_l.oz+27t

2 0
w(a+2m) = [e .a+2n] = —ui(a)
0 e 2

S0 (3) R(a,B,v) = R(a + 2m,B,y)

SU (2) & ¥
U,(O(, IB' ]/)’ _ u(a, :8' )/)




S0 (3)#5— SU(2)#%3)

B B iepaul i B FEFKRFF RS | Q4B KRFL) , WE
HRFHO =70 = x6, + y6, + 26,87, WHIHAT =
(0,0,1), ¥ &TRETH (BEyMEEoM) BRI, RE
0 =7 - oI R ERE.

Py

OI

r' -0 =sinf &, + cos O 4,



NG SER

r=(001) = 7 = (sinb,0,cosH)

T ) [+) =COS§|T> + singN)

0'|+) = |+)
o =HEFEIF F REIO TR,
o BRI AR B 6 /2 ik




3.4 | SUQRYBHIARI AR

o THEXIEZXFRFREHRMEE, AR — 1R
BUXAS —HER N3N &, &,
(RoRZEV: —HEE =22 HE)

two-component complex vectog (spinor)
& =B&i = zfjuji
j=1
& al=a & 2, P
—b* a”

=[ aéy —b*&, bé§1+a’é, ]




SU(2)#F 1 HAt R IR

I &ys & WISTORHINGUIE N SU(2) BERINHIZ: BRI AR

U
Homogeneous polynomial (nth degree) —

Homogeneous polynomial (nth degree )

See also
34k §%616,6° -
ZH 1 ,6162,62 {mathematical methods
for physicists) 3
4 %k . 513, 51252, 51522, 523 version :chap-4 P253~

o o o o o o (0] (0] (0]

n+ 14k &7 E, E &M ET
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N RN LIENE, B5 5E R s I R
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gItme,Jm
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HEH: [l 8) =

PufibE062) = ) fr (51,620 Wit
L

—b* &) (b +ar ) ™
VU+m)i(j-m)!

Puf(E, &) = FL(E], &) = &

n

!
A S n=2 W y@en)
(x+y) Or!(n—r)!x Y
r=
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Z( DY +mIG-m!(+m)G-m)
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m'=j|r

r"G+m—-—n)!{G—r—m)H'(r—-m+m')!

al +m—rb*7”a*f—7”—m' pm’ —m+r

SRANE K Fir A i oy BEONA TR R AL 7 {5,

r=20, r<j+mr<j-mi,r>m-m

T ==, 1B SU(2) BERIZRRAERE

f1(61,82)
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P.f1(§1,&) = f1ELE) =30 fri (81, &) D) (W) m

= @V @ 2 ab g, + U g WEA TS TR L —

FI4E R TCa?, —/2ab*, b*>
Eipi

P,fo(§1,&2) = (1, &)
_ (ag1-b” §2)1(bE1+a*§r)?! _ abfl + (aa* — bb*)&.&, — a*b* fz

V1!
RHUE =55 ItV2 ab, (aa® — bb*), —/2a*b*
Gip::e
Pufll(fl 62) - f11(€1 EZ)
(bf1 +a'§)*  b? a’ ,
m \/—fl +\/_ba Elgz \/EE

BEESE =FUAERETE b2, V2a'h, a*”



N 1 0 ~1
m
1 a’ V2ab b?
0 —\/2ab* aa* —bb* 2a*b
—1 b*z _\/Ea*b* a*z
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FRIE R, FERREAR, FERRENE,
CELLTSE =g AN DRIV R
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(1) VA £, &) NIEFmMINFTR DI (u) &L IF
HE

7=k P, anz_j |fn]1|2 — Zin——j |fn{L|2

(2) DIi(w) BATLZE R (BRI



Lo G gaymEe)m
2 fnl” = G+m)!(j—m)

m=—j m=—j

———(1&1? + 1821)% SU(Z)?% "
(zy ! 2 Y KRN S R B

s

Pu(1&11% + 16217 = 16117 + 1£21°

| 1
P, Z]: finl? = mp A RAZIDE
m=—j

(2 )l (|€1|2 + |€2| )ZJ

Z 12

m=—j



(3 D’ (w) 2SU(2) #Er3EE 5 (unfaithful)
R w,—u AR F R
DJ(u) = (-1)* D’ (~u)
jBUREERY, DJ(u) = D/ (—u)
PR AN AS R PRI RE T N R R R FERE, AR SRR
jBCEZE BT, DI(u) = —DJ(—uw)
Di(w) 5 u ——XM, HsgR

AIE, FTRBHIERIRZSU ()R 2B A Rl 43R 7R
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A—(a+aH1+1=0

e S BN/ ey
2

)/1=
2 2

Re(a) € [-1,1],-2<B<2 B=421 =1,

aa® + bb* =1
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NR (=W AR VS

M
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l 2 <B <2
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4
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/—\‘_E’X—A/I\ a /fE COS%=§, %BZSlngz '82

« a !
A = exp(lE),/lz = exp(—lE),O <a<?2m

KMEERKRETL(=a+a*) - allJsZERe(a)
A, A BB MHER Re(a) I SU(2) BERIFEIC

EE AR R AR R, B oo b L3
Tr(A) = Tr(BAB™1) = B.
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B:—~ Re(a) {EWE SU(2) BEH]—~2K

W uFHa= exp(i%),b =0
u = [ei% Oal
0 e 2

HIRLHIER DI (e'2,0)py py = €78
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l a—exp(l—)b—O q-

D/ (u)m',m =

j+m
DIt = (¢2) " (72) = ety
o I sin(j +%)
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x'(e2,0) mz_:je sin% <+» P138,(3.2-30)
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ML H Hg - BESR4ER .

Lie algebra rank: BEXSZRVERITAVERATNEL. EJSO(3),SU(2)

£ TcERERAN S, FTLAMN A1, BINMEE— P IUH-RE|K/RERF(Casimin) BIHEE
REXRREFTENNESFEHITE LM ITTENS ZAER,
IRICUFBAZEF Y REAR/RERFAINEEFET=EFAIMZL (rank) . BRLASO(3)FISU(2)8*
HRAE—NREXKRER, EeMERIEFHLA

Casimir™MUNfEEL, rank even; Cas
SO(4), SU(3): rank 2

imir™MU~%T 20— rank odd



A . Zee (P367) Cartan subalgebra

Out of the set of n X%s, find the maximal subset of mutually
commuting generators H',i = 1,2,...,1, so that

e [HL,H/)1=0,i,j=1,...,1
the important number [ is known as the rank
The number of the generators refers to the order

MAT_IEMATICAL 4.3 Orbital Angular Momentum 265
MEr—_‘HODS FOR Table 4.2 Rank and Order of Unitary and Rotational
PHYSICISTS rours

Lie algebra A B Dy
SIXTH EDITION Lie group SUI+1) SOl +1) SO2I)

Rank [ l l

Order [(l+2) (21 + 1) (12l —1)

George B. Artken
Miami University
Oxford, OH

Hans J. Weber
University of Virginia
Charlottesville, VA

Note: In a finite group, the order of a group = the number of elements in the group.



» SO(3)FR=IH]:

fR g — =

RN T

R(w,a) = R(—w, 21— a)

PIEK, EKIE

AR FAGERA — iR
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SU(2) B2 7~ =5 [H]

Rotations in the two-component formalism

(—i§-ﬁcx) (—iﬁ-ﬁcx)
e h = e 2

M: a unit vector in some specified direction
(G-a)(G-b)=d-b+iG-(axh)

n 1 formneven

(G-7)" =

G-A fornodd



SU(2) B2~ % ]

e (<) <[ () + () ]

_l[(o' n)g_(o' n)3 3-|-...]

_1cos(2) i(o- n)sm(j)

s (20t Couainl)
(—inx + ny) sin (g) COS (2) + in, sin (62()
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gl 9
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a

FRIERA

a

a = cos——isin—cos@
2 2 ’

S

b - w:

*] n, = cos6
n, = sinf cos @

n, = sin 6 sin ¢

AR E 0, @ SREFEFETT .

@ T exp(— :

a a
b =—sin=sinfsing —isin=sinf cosp FfEFRIAR

. a .
u(w,a) = IcosE— [0 wSsin—

2

2

a
2



SU(2) B2 7~ =5 [H]

—_— a . = —_— . a
u(w,a) = IcosE— o - wsin>

Wik w(@, a)u@, ay) = (@, ay + az),

u(w,4m) =1, u(w,2n) = -1

u(w,a) =u(—w, 4t — a) = —u(—w, 27 — a)



SU(2) k7~ = [H]

—_ a . = —_— . a
u(w,a) = Icosz— io- wsin

otk A 2 5k RILERTHOR (02
JUR o

_ a . = —_— . a
u(w,a) = ICOSE— 0 - wsin>

LERES I

u(w, 2m) = —1I

AE— o] B HAL T R AE R 2 (A IE ST 2



u(w,a) = —u(—w, 2T — a)

——
R(w,a) = R(~w, 2m — ) u(w, 2m) = —1,
FANERTH S5 H

W, 27T — Q)

2: 1 HIEIASR A



You can check

U = exp (i?-ﬁa)

2
U(2n) = —1, U(4m) =1 :double covering, only locally isomorphic

e UTo,U = cosaoy + sinao,
e Ulo,U = —sinagy + cosao,
¢ UTO-3U — 0-3

Half angles come in to render the Lie algebra of SU(2) and SO (3)
the same !



SU(2) ¥3h- SO (3)%:3)

Calculate :
Utr - oU
= x(cosao; + sinao,) + y(—sinaog; + cosaao,) + 203
= (xcosa — ysina)o, + (xsina + ycosa)o, + z03 =71’ - 0

r' =R(z, Q)T
5eE ZHMEEE] o
cosa —sina O)

R(z,a) = <Sina cosa 0
0 0 1



3.5 XU

R u=[5. Ll

u(a, B,v) = ug(@)uz(B)us(v)

_jaty
e 2 COoS—
_ 2
a=y f
e 2 sin—
2
_.aty I
a=e 2 CoS—
2
=
. Tl 4 ,B
b* = —e" 2 smE




BTSU (2) HISOB)MFIZR R, HSU (2)
BEIANT] 2R~ E NSO ) BERIAN ] )RR

D/(as By ¥)m'm =D’ (coss e_lT,—singe 2)

XFERISRSO(3) WIZE jNANT] zﬁz\zr,
A] SR AH N BJRFE AR R
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o
BSU (2) BEF I 0 e ‘2

XTRLSO(3) HEH HIHEITR (, 0,0) l

A ——
x'(e2,0) = z e = a

R(a, 0,0) m:—j

FRIRFAE A -



IR
j BB, DJ(u) = DJ(—u)

R(a,B,y) = tu(a,B,v)

jECEZE BT, DI(u) = —DJ(—u)
R(a,B,v) = tu(a,B,v)
1 +D/(as B> v)
SO () — AN HE TR LA o FE FF
------------ SUAE For



XUE RN HAME

DJ(R)D’(S) = +D’(RS)

l /IQI 50(3) ﬁiﬁfﬁ*{%

RUEEE—1> T

JR AL

R(a,B,y) = u(a,B,v)

SU(2).vs. SO(3): 2:1 )[R &% &

R(a,p,v) = R(a +2m,[,7)

AR R PATTRE S AP I R ST AL BE AN R )6 ?
AR S — A w AR



HARPAT 7 2%

o (D EXDHHITTE NG H (tbin z #D ¥ 2n
H¥z). BANLIGE = EE AR 4n HI¥D)

© () HSOR)RINEG TS E M, (3] g MHH
JGo

« (¥ g MHEEILE SOR) BIEA N g MNEEILHE—E,
PR, X 29 MEETAR— R, MWERA
PIXUEE (BB ffE) , 1Id/ESoP(3)

S0P (3) 5 SU(2) [FI#)



S0P (3) 5 SU(2) [FH)

Di(a, B, y) BENHEAERR, AW j BUAE
i . SO(3) /& S0P (3) M THEnG?

AR, ANEE, EHRE SoOP@)Fx X, HHAE T,
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75,47 5 AT K
lzzlpjm =jy+ 1)h21/)jm

]le]m — mhlp]m

Yjm : FETHERE (M E+H )

l/)]m = l/)]m(xr Y, Z, S\z; t)

h
l/)jm(x' Y, Z'E' t)

h
l/)jm(xr V,Z,— E! t)




_ h -
1/’1(95;)7;2;5; t)
_lpz(x:%Z;—E,t)_

Y, (r,t)

RE—MEZY IR (w, 0)

PGoWim = ) Wjmt DI (@, 0) s m
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RN ) e A I BN T 2R T



o 7 Wik o fi o
PZ,al)bjm(F) = e_ia]Z/hlpjm(F) u

Pz,al/)jm(F) — e_imal/)jm(F)

l a =21

]j‘j?ﬁgéﬁy m W NEEEL, Pz,2n¢jm(F) — l/)]m(F)

Mobius strip

jjﬂ%ﬁﬁf%&’ mt oA E, Pz,2n¢jm(F) — —1/ij(7)

iﬁﬁﬁm%ﬂiﬂ?ﬁéﬁuﬁ%f
¥oam AREIER,  HOUGHEERTRER




Visualizing the hydrogen electron orbitals — from wiki

* Probability densities through the xz-plane for the electron at
different quantum numbers (€, across top; n, down side; m = 0)

 The image to the right shows the first few hydrogen atom
orbitals (energy eigen-functions). These are cross-sections of the
probability density that are color-coded (black represents zero
density and white represents the highest density).

e The angular momentum (orbital) guantum number € (s means
€=0,pmeans € =1, d means € = 2).

 The main (principal) guantum numbern (=1, 2, 3, ...) is marked
to the right of each row.

* the cross-sectional plane is the xz-plane (z is the vertical axis).
The probability density in three-dimensional space is obtained
by rotating the one shown here around the z-axis.


http://en.wikipedia.org/wiki/Probability_amplitude

 The "ground state", i.e. the state of lowest energy, in
which the electron is usually found, is the first one,
the 1s state (principal quantum level n =1, € = 0).

e Black lines occur in each but the first orbital: these are
the nodes of the wave function, i.e. where the
probability density is zero. (More precisely, the nodes
are spherical harmonics that appear as a result of
solving Schrodinger's equation in polar coordinates.)



Probability densities through the xz-plane for the
electron at different quantum numbers
(8, across top; n, down side; m = 0)



